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^ SAME.^ ^ OR EXTRACTING NUCLEIC ACID FROM SPECIMEN CONTAINING THE 

earner „ its termina|| (2) CQ the immob 2 eZuc,e c acW 2^ nUC,eiC acid on an inso,ubl ' 

solu ,on under the nucleic acid hybridization conS and m i^lTj^'^ C ° ntainin9 nucleic acids 
the .mmobilized nucleic acid from the specimen D ?ocl s , ,J T ^ WhiCh h y bridizes with 
more smgle-stranded nucleic acids which aTd^TETJ 5 " simu ^neous separation of two^r 

accurate nucleic acid subtraction. ^ U ° m 0ne another in »» base sequence and highly 
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p^rtRfMJND OF THE INVENTION 

nucleic acids by using an immob.l.zed s ng le-sh wded ™«* whjch comprises isolating one 

Vol. 8. No. 7. 1989) proposed a melhod ^^J^^^ by 9 us ing a DNA probe immobilized on 
nucleic acid from a solution containing • ™*JJ^ "SchSg a pLer DNA to a particular region of the 
beads for high-pressure liquid chromatography ^J**^,,^ doubte -stranded DNA by using DNA 
single-stranded DNA. and converting the smgte-str one kind of S ingle-stranded DNA 

polymerase. This ^^.^'^^^^SS^^ double-stranded DNA encompassing the 

^^^2^ ^ ~ *- is on,y the re9ion ~ m ,r ° m 

stranded DNA fragments coJnd recovering DNA in the tam 

vector by using DNA ligase. transferring *e v ector .n <° —-^ — b|ems such as: a) only restricted 

ssiaK^ ssai: - tt to be inserted int0 vectors is ,imited: 

undesired nucleic acids from a nucle,c ^ac, I sam *. ^ ^°J^ elated ce „ species (e.g., T- and B-cells) 
, relevant cel. species. This '^T^'S^SS. desired protein; or there are a certain cell and 
from homologous organ,sms and only one *P^P r °° The nucleic acid subtraction is earned out by 
a variant thereof and only one express es des **»J™ n cDNA, hybridizing the cDNA to mRNA 
isolating mRNA from one of two cell speces, a™**^ whicn <ailed t0 hybridize, construing a 
iso ,ated 9 from another cel. spec.*, ™Q a desired gene from said cDNA library 

5 cDNA library by using the recovered mRNA ^or cDNA .an J immobilized non-specrfically 

The above-mentioned method has been carr '^ { ° U m b /~ d J,, under a condition for hybridizafon, 
to membrane with a nucleic acid solut.on Pj^SJ^^m^A remaining in the solution as the 
removing mRNAs hybridized to .mmobilized cDNAs recoven 9 a cDNA fai | ed to 

e plfic 9 mRNA for the desired a* AUern^ th s can be perfo^rn^ ^ ^ ^ r ^ & ^ Qf 
„ hybridize to a complementary mRNA. This method^ hojww p |ized by the use of non-s P ec,f,c 

and labor to recover a cDNA from a cDNA Q{ the |ow density 0 , immob.l.zed 

adsorption, the cDNA-mRNA hybrid.zat.on ,s JWJ* ^ b f rfect reaction between cDNA and mRNA 
cDNA. not only troublesome operates are required but so a pert contacting mRNAs 

is hard.y attained. Alternatively, a mRNA specific ^,1^,^^ Vdouble*^ hybrid of mRNA 

STSI* » —V »c andc, » «• « « ttttt, or gracing nueteic acids 

so As can » understood '' OT B me ^ v °' °^T ro 9 £*op an efficient method "Won solves these 
h „e varies problems and ,1 has •f^T^^r J^,,™, mat a nucM acid 

™,M»ms The oresent inventors nave studied extensively » oNAONA or DNA-RNA hybrid. 

acid-subtracting method. 



EP 0 533 952 Al 



DISCLOSURE OF THE INVENTION 

Thus, the present invention provides a method for isolating or extracting a desired nucleic acid from a 
nucleic acid sample which comprises the following steps: 
5 1) immobilizing a single-stranded nucleic acid at a terminus to an insoluble support; 

2) contacting said immobilized single-stranded nucleic acid with said nucleic acid sample in a solution 
under a condition for nucleic acid hybridization; and 

3) separating a nucleic acid hybridized to the single-stranded nucleic acid immobilized to said support 
from the sample. 

10 As one embodiment, the present invention provides a method for isolating nucleic acids each having a 
complementary base sequence for each of immobilized nucleic acids from a sample all at once, which 
comprises immobilizing two or more kinds of single-stranded nucleic acids each having a different base 
sequence are immobilized to plural and separable supports, respectively, and bringing the immobilized 
nucleic acids to contact with a nucleic acid sample under a condition for hybridization. 

/5 A single-stranded nucleic acid in the nucleic acid sample solution, which hybridized to an immobilized 
single-stranded nucleic acid, can be recovered from the support by a conventional method such as heating, 
alkaline treatment and the like. 

According to this method, for example, a double-stranded DNA encompassing the entire region 
including the desired DNA fragment can be obtained by converting a desired double-stranded DNA 

20 fragment in a nucleic acid sample solution into two single-stranded DNAs, hybridizing each single-stranded 
DNA with each of two kinds of immobilized-nucleic acids, recovering single-stranded DNAs, and annealing 
them. 

Furthermore, a single-stranded DNA library consisting of those having base sequences specific for 
various kinds of vectors can be prepared by the use of immobilized DNAs which prepared by immobilizing 

25 DNAs having base sequences specific for each strand of various kinds of vector DNAs as a probe DNA. 
Therefore, the size of DNA fragments to be inserted into vectors is not limited. As a result, the possibility 
that all DNAs are transformed can be elevated when the DNA insertion and transformation are carried out as 
to several kinds of vectors by the present method. 

As another embodiment, the present invention provides a method for extracting a specific nucleic acid 

30 from a sample by using immobilized single-stranded nucleic acids in the nucleic acid subtraction. Thus, a 
specific nucleic acid in a sample can be extracted by removing nucleic acids capable of hybridizing to 
immobilized single-stranded nucleic acids from said sample. This can be applied to the recovery of a 
nucleic acid (gene) responsible to and specific for a given disease such as cancer, which can be carried out 
by treating a mRNA mixture obtained from a variant cell such as cancer cell with immobilized cDNAs 

35 prepared from mRNAs originated from a normal cell and removing mRNAs having complementary 
sequences from the mixture to leave a specific mRNA: As can be understood by one of skilled in the art, 
the method illustrated above can be carried out by reacting immobilized cDNAs originated from a variant 
cell with a mRNA mixture obtained from a normal cell, obtaining an immobilized cDNA failed to hybridize, 
and cloning a gene encoding a protein specific for cancer cell. 

40 For the method of the invention, preferably the immobilized single-stranded nucleic acid is a syn- 
thesized or reversely transcribed cDNA in vitro and the nucleic acid sample is a solution containinq mRNA 

or cDNA. 

Examples of insoluble supports usable in the present method are as follows. 

45 1) Naturally-occurring membranes or synthetic membranous compounds 

Examples include membranes (membranous materials) of natural or synthetic organic polymer such as 
nylon, nitrocellulose, polytetrafluoroethylene, polyethylene, polyisoprene, polystyrene membrane and the 
like. A membrane (e.g., nitrocellulose) which has a modified quality resulting from a chemical modification 
so done on the surface of an organic polymer (e.g., cellulose) is also included. Furthermore, a derivative which 
is obtained by treating an existing membrane chemically and/or physically in such a manner as to facilitate 
the binding with nucleic acids or to make the handling easier is also included. 

2) Naturally-occurring particles or particulate synthetic organic compounds 

55 

Examples include particles of natural or synthetic organic polymer such as nylon, nitrocellulose, 
polytetrafluoroethylene, polyethylene, polyisoprene, polystyrene and the like. Also included are a modified 
organic polymer particle obtained by a chemical treatment such as oxidation, reduction, hydrolysis or the 
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like, or a physical treatment such as plasma irradiation or the like. 

3) Membranous inorganic compounds 

Examples include inorganic polymer membranes such as graphite, porous glass, silica membrane and 
the like; metallic membranes such as aluminium, apatite membrane and the like; ceramics membranes such 
as alumina, silicon nitrate membrane and the like; crystals such as salt and the like. Membranes having a 
modified quality obtained by chemically or physically treating the surface of those membranes are also 
usable. - = *- - 

4) Particulate inorganic compounds 

Examples include inorganic polymer particles such as graphite, porous glass, silica and the like; 
metallic particles such as aluminium, apatite and the like; ceramics particles such as alumina and the like! 
Particles having modified quality obtained by a chemical or physical treatment {such as by ionplating) done 
on the surface of those mentioned above are also usable. 

5) Materials having a gel-forming property such as polyacrylamide gel or agarose 

When plural nucleic acids are desired to be isolated simultaneously according to the method of the 
present invention, plural supports selected from those mentioned above are used on the condition that they 
are separable. The separation of supports from each other can be carried out, for instance, as follows. 

i) Separation can be carried out on the basis of the specific gravity by selecting supports having different 
specific gravity, performing the hybridization, adding a liquid having a specific gravity between these two 
supports, and separating heavy support from light support. 

ii) Separation can be carried out on the basis of the difference in the shape by selecting supports of 
different and easily separable shape. Such combination of supports may be. for instance, plural 
membranous supports, plural kinds of particulate supports of different particle size, or membranous 
support(s) and particulate support(s). 

iii) Separation by means of magnet can be carried out by selecting two kinds of supports, one of which 
can be recovered with a magnet (or magnetic force) and the other cannot. 

iv) Any appropriate combination of the above-mentioned methods i), ii) and iii) 

In the above methods, the term "plural kinds of supports" includes plural kinds of membranous 
supports made of the same material or particulate supports which are made of the same material but have a 
different particle size from each other. 

Preferable combination of supports for the simultaneous separation of plural kinds of nucleic acids 
according to the method of the present invention is that of appropriate two particulate supports or two 
membranous supports, each support being selected from the group consisting of particulate organic 
compounds and organic and inorganic membranes. Taking the speed and efficiency of hybridization into 
consideration, a combination of appropriate two kinds of supports selected from organic and Inorganic 
particles are especially preferred. The separation of particulate supports can be conveniently carried out on 
the basis of the specific gravity. 

Appropriate supports for the nucleic acid subtraction method of the present invention can be selected 
from those exemplified above. 

For the subtraction method, particulate supports which can accelerate the hybridization and improve the 
efficiency are preferred, including particles of inorganic or organic compounds. An inorganic particle such 
as silica is especially preferred. Furthermore, silica for HPLC is most preferable because it has a less 
tendency to causing non-specific adsorption and can be easily dispersed and precipitated. 

Immobilization of a single-stranded nucleic acid to a selected support is known in the art and includes a 
method which utilizes a non-specific adsorption due to the affinity between a single-stranded nucleic acid 
(hereinafter, a single-stranded nucleic acid to be immobilized is represented by a single-stranded DNA) and 
support, or a covalent bond formed between an amino group of said DNA and support a previously 
activated with ultraviolet radiation and the like. For obtaining an immobilized DNA to be used in the present 
method, said DNA being immobilized at its terminus, a DNA having one or more additional nucleotide 
molecules at its terminus, a DNA whose terminal nucleotide molecule being chemically modified, or a DNA 
having a functional group such as "Amino-link" (Applied Biosystems Inc. (ABI)) introduced at its terminus is 
used. Thus, such a single-stranded DNA is immobilized to a support via the additional nucleotide, 
chemically modified nucleotide, or a compound having functional group(s). 
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The immobilization will be hereinafter described in detail. 

A. Immobilization in which a single-stranded DNA is chemically modifie d at a terminus 

1) A single-stranded DNA which has an introduced functional group suited for the immobilization, for 
instance, -NH 2 , -COOH or the like, is prepared. When the DNA is synthesized, it can be carried out 
conventionally by means of a commercially available DNA synthesizer (Model 391 PCR-MATE) or the 
like. 

Introduction of a functional group can be, for example, performed as follows, 
a) Introduction of Amino-link 2 (ABI Inc.) 

A hexylamino group can be introduced to DNA at its terminus according to the following reaction 
scheme (Applied Biosystems Inc User Bulletin, No. 49, 1988). 

-OH at the carboxyl terminus 
of a single-stranded DNA 



CH 



CH 3 CH 3 



CH 3 o 




Amino-link 2 



30 



35 



C-terminus of a 
single-stranded DNA 
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b) A linker of the formula: 
0 
II 



.OCH. 



N 



CH, 



CH. 



CH, CH 3 



is introduced to a DNA at its terminus by using a DNA Synthesizer (e.g., ABI Inc., A-391 EP -PCR- 
MATE), treating the linker portion to produce a functional group such as reactive aldehyde or carboxyl 
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1 16, 1983). 9 u R " Method s in Enzymology, Vol. 100, p. 96- 

2) A complementary strand of the single-stranded DNA as nhtain^ i„ « • , u 
similar synthesizer and these are anneald to yield a doubt^rand^DNA " *" * 3 

^~^Z^^rj^^^ ? - ° NA - « support for 

both of the DNA and suJrtLZ^Z™ °" m ° difiCations «"** *» 

chloride 9 (hereinafteHer ed ^E^JlEST S£ S"? ? T 
Res. Commun.. 102.449 1981) CNB 7r I Avl« * t V m? „"* * M ° SbaChl Biocnem - Bio P nvs - 
Finlay eta I., Anal. BtochJm 87 n 97^ 13 ° 2 ' 1967) ' trich '<™triazine (T.H. 

1091 1979, .soxylaneTieTg 2ft * 
acid J. Porath. Meth. Enzymol 34 27 iQ7,n ^nromatogr.. go. 87, 1974). divinyl sulfonic 

sr m ~ ,s75) - ararA says. 

E^rsr - al • J ^^^^^^^ 

0 After the activation of thiol groups on both of DNA and <:..r.rw» 

latter (K. Brocklehurst et al.. Biochm J 1 33 573 W3) ' S ,mmobi,i2ed to the 

^rcKjfs^-ss sj - ist « ** * - * mide 

^t^^^^^Z^ *°? * ^tured by heating (about 40'C or 
diluted io x SSC (L5 M^and^ S ZZVTT^ ImT 
alkali treatment. The solid phase is seoara^ri f rZ I r -T ?, a( > ueous N aCI solution or 

immobilized single-stranded DNA * " qU ' d PhaS6 by cenWfu 9ation to obtain an 

"olecS^^ « « — additional nucleotide 

is useful for attaining the s^^^ 

method A. Such double-stranded D^ATcan be^re^ared as toWxJts f ° ,l0Win9 ^ 3) and 4 > * 

s r r ^ jsrs5r D r' ,or ,he binding with a support * ~ * * — 

b) A doub.e-stranded DNA is cleaved with a restriction enzyme so as to generate a single strand at a 
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c) A DNA molecule having a functional group is ligated to a double-stranded DNA with a DNA ligase. For 
instance, a double-stranded DNA is digested with two restriction enzymes so as to generate a double- 
stranded DNA having different sequences in both terminae. To the resultant DNA is ligated a DNA having 
a functional group and being capable of specifically binding to one of cleaved ends with a DNA ligase to 

5 give a desired DNA having an functional group introduced at a terminus. In this case, the 5* terminus of 
the strand to be removed may be previously dephosphorylated. Thus, when a long double-stranded DNA 
having an extruded sequence at 5* terminus is prepared and dephosphoryulated with dephosphorylase 
followed by a cleavage to obtain a desired fragment having dephosphorylated 5' terminus. 

d) A 3' terminal -OH group of a double-stranded DNA is activated by introducing a trichlorotriazine 
10 residue. The 5' terminal -OH group is exposed through the dephosphorylation of a double-stranded DNA 

as noted in c) above and activated with trichlorotriazine. As the -OH group in 5'-terminus is more active 
than that in S'-tcrminus. the former can be activated specifically. 

C. Preparation of immobilized cDNA from mRNA 

75 

An oligomer (1 - 1000 bases) of deoxythymidine [hereinafter, referred to as oligo(dT)] is immobilized on 
a support in the same manner where a single-stranded DNA is immobilized to a support after a chemical 
modification at a terminus. To the oligo(dT) is hybridized a mRNA, and a cDNA is synthesized by using 
said mRNA as a template and oligo(dT) as a primer in the presence of a reverse transcriptase. The mRNA 
20 is removed conventionally to yield a cDNA immobilized to a support at its terminus via oligo(dT). 

An immobilized single-stranded DNA suited for the method of the present invention can be obtained by 
any of the aforementioned methods A; B and C. In the working Examples below, immobilized single- 
stranded DNAs prepared by method A are used for the simultaneous isolation of plural nucleic acids and 
those prepared by method C for the nucleic acid subtraction. However, the present invention is never 
25 limited to a particular method for immobilization and can be carried out by using immobilized DNAs 
prepared by any methods other than those exemplified above. 

Nucleic acid solutions suited as a nucleic sample are exemplified below: 

t) a (native) double-stranded DNA extracted from a cell or a fragment thereof produced by a cleavage 
with a restriction enzyme or physical shearing force; 
30 2) a naturally-occurring single-stranded DNA (including a denatured product of double-stranded DNA of 
1 ) above by means of heat- or alkali-treatment); 

3) a single- or a double-stranded DNA amplified in vitro by polymerase chain reaction (PCR) or the like 
and denatured product of said double-stranded DNA by heat- or alkali-treatment; 

4) a synthetic DNA; 

35 5) a naturally occurring RNA; 

6) a synthetic RNA; and 

7) a mixture containing any of DNA and RNA described in 1) to 5) above. 
BEST MODE FOR PRACTICING THE INVENTION 

40 

The simultaneous isolation of plural nucleic acids in a sample can be carried out as illustrated below. 

Single-stranded nucleic acids having different base sequences are immobilized to plural kinds of 
separable supports to obtain "immobilized nucleic acids", the immobilized nucleic acids are then brought 
to contact with a sample solution containing nucleic acid mixture for the formation of hybrids between 
45 individual immobilized nucleic acid and corresponding single-stranded nucleic acid having a complementary 
base sequence in the sample. 

The hybridization can be carried out by the use of any of known methods and reaction conditions. In 
this case, since the immobilized nucleic acid is fixed to a support at its terminus, no destructions of DNA 
bases due to the immobilization occur. Accordingly, the immobilized DNA can behave in the same manner 
so as that in a liquid phase, and hence can hybridize to a nucleic acid (DNA, RNA) having a complementary 
base sequence efficiently and completely. Consequently, desired nucleic acids, each having complementary 
base sequence for corresponding immobilized single-stranded nucleic acid, can be isolated from the nucleic 
acid sample solution, respectively. 

The desired single-stranded nucleic acid hybridized to an immobilized nucleic acid can be recovered as 
55 a single-stranded nucleic acid by separating the support and treating it by a conventional method such as 
heat- or alkali treatment. 

The nucleic acid subtraction can be carried out as illustrated below. 
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Nucleic acids immobilized to insoluble supports at a terminus are contacted with a sample solution 
contanrng nucleic- acds under a condition for hybridization. Nucleic acids having Tco^SiJ^l 
sequence for either of the immobilized nucleic acids are remold an n „ ■ c ° mplementar y base 
nucleic acid sample because of the lac.ng in c^m^ 

teZ hy " nd ' 2atl0n T h0dS " 39ain avai,ab,e - As ™«*«d above, the hnmSS DNA b Sed a, a 
terminus to a support and therefore no destructions in DNA bases du P m tho i-L^t V 

tem^th 9 i° thi f me,h ° d ' a " immobi,i2ed CDNA be synthesized on a support by using mRNA as a 
template, wh.ch ,n turn « used to extract merely a mRNA having complementary bLe sLuence F«r 

purpose can be achieved by analyzing a cDNA which failed to hybridize with » 
aHrt^nTV 'T 0 thiS meth ° d ' 8 SPeCifiC nuC,eic acid which exis * in either of two unidentified nucleic 

Example 1 
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Simultaneous Isolation of Plural Single-stranded DNAs in a Sample 
1 - Preparation of Immobilized Single-strande d DNA 

. T ^c A^^c^rcToT^ 1 " 9 51,85 °' puc,s - 

2 CCA QTG CCA AGC TTG CAT GCC TGC A 

3 X CCA GTA CCA AGC TTG CAT GCC TGC A 

4 TGC AGG CAT GCA AGC TTG GCA CTG G 

40 2. Immobilization 

^5 1) Preparation of Immobilized DNA (a) 

.twascooledtoas-Coven hr. Tolhe mixture is added 106 u. 0.4 M NaHCC, ""^ a water bath < 95 C >- 
50 To the mixture is added 20 mg tresyl-activated silica gel prepared as follows and reacted for M hr a , 
room temperature. When the reaction completes, the silica gel was ^^S^^^^Jl 
f.nal.y suspended in 1 ml 1 M NaC l. .t was heated at 95'C and immediate.! cen Zed Z 2000 ri ,n 
remove the supernatant. These procedures were repeated 3 times to Z^T^m^DNA 
consisting of single-stranded DNA 1 immobilized to silica gel. "rnmoD.iized DNA (a) 
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2) Preparation of Immobilized DNA (b) 

DNAs 3 and 4 (100 ug each) were evaporated to dryness under vacuum. The DNA 3 (100 ug) was 
dissolved in 1 M NaCI (100 ul) and mixed with dried DNA 4 (100 ug). The mixture was warmed on a water 
5 bath (95 *C) for 2 min and cooled to 35 *C over 1 hr. To The resultant mixture was added 100 ul distilled 
water. 

CM-5PW (30 mg, TOSO Inc.) was activated by heating at 4* C for 2 hr in a solution of 40 mg WSC 
(water-soluble carbodiimide: DOJIN Inc.) in 500 ul aqueous HCI (pH 4.0). The resultant gel was washed 3 
times with distilled water, mixed with the nucleic acid solution as prepared above and reacted at 4*C for 5 
70 hr with stirring. After heating for 5 min in a water bath (95 'C), the mixture was immediately centrifuged at 
12000 rpm to remove the supernatant, and the pellet was suspended in 0.5 M NaCI, heated at 95 *C for 5 
min and centrifuged at 12000 rpm, which treatments were repeated 2 more times, to give an immobilized 
DNA (b) consisting of single-stranded DNA 3 immobilized to CM-5PW. 

75 2. Preparation of Tresyl-activated Silica Gel 

The following procedures were carried out while avoiding the contamination with water by the use of an 
appropriate apparatus such as dry box, sterile pack filled with dry nitrogen or the like. The term "silica gel" 
may be hereinafter abbreviated to "gel". 
20 1 ) Acetone and pyridine are previously dehydrated by means of molecular sieve. 

2) One ml of dehydrated acetone, 100 ul pyridine, and a small stirrer-chip are placed in a 10 ml 
measuring flask. 

3) One gram of gel is washed quickly with acetone, dehydrated acetone while aspirating on a glass filter 
{# 5 mesh) and promptly put into the measuring flask prepared in 2) above. 

25 4) To the gel is added dropwise 100 to 200 ul tresyl chloride (Fluka Inc.) over about 1 min with a 
vigorous stirring by the stirrer while keeping the flask at a temperature around 0* C with, for example, an 
ice-packed plastic bag. 

5) The measuring flask is capped and the reaction is continued for 20 min at about 0 ° C at a lowered 
stirring speed to prevent the gel from being broken. 
30 6) When the reaction completes, the gel is transferred onto a glass filter and washed with acetone, 
acetone/5 mM HCI (1:1), and 5 mM HCI. 

7) The gel is further washed with acetone and the solvent is evaporated thoroughly on the filter. 

8) The gel is transferred into an egg-plant type flask and acetone is removed under vacuum. The gel, 
because tresyl is unstable at a high temperature, is dried under a low temperature by means of an ice- 

35 packed plastic bag as used in 4) above or the like to yield a tresyl-activated silica gel. 

3. Preparation of Nucleic Acid Sample 

A nucleic acid sample was prepared by using 100 ug of commercially-available pUC18 DNA (Takara 
40 Shuzo Inc.) according to the following procedures and hybridized to immobilized DNAs (a) and (b). 
1) A DNA is cleaved in a solution comprising: 



pUC18 (Takara Shuzo Inc.) (500 ug/ml) 


200 ul 


EcoRI (Takara Shuzo Inc.) (20 units/ml) 


20 ul 


EcoRI buffer (Takara Shuzo Inc.) (x10) 


50 Ul 


Sterilized distilled-water 


230 Ul 


Total 


500 Ul. 



so The mixture is reacted for 1 hr at 37 *C and the reaction is stopped by the addition of 10 ul 0.5 M 

ethylenediaminetetraacetic acid (EDTA; pH8.0). 

2) The reaction solution of 1) above is combined with 50 ul 5M sodium acetate and 1 ml ethanol and 
allowed to stand for 20 min at -80 • C. 

3) It is centrifuged at 12000 rpm, 4" C for 10 min. 

55 4) The supernatant is removed and the precipitates are washed with 70% ethanol cooled at -20 *C, 
centrifuged at 12000 rpm, 4*C for 30 sec and the supernatant is removed. 

5) The precipitates are dried in a desiccator. -. ~ 
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6) The precipitates are dissolved thoroughly in 200 ul 2.4 M tetraethylammonium chloride (TEACL- Wako 
Junyaku Inc.) and allowed to standi 5 min at 75 • C 

L T ° th6 H P ,r iPita ! eS °' 6) add6d a " ° f th8 b0th imm °b»i^d DNAs (a) and (b) as prepared in 2 
above, and the m.xlure .s stirred well and allowed to stand for 1 5 min at 20 • C 

8p-he mixture of 7) is centrifuged at 12000 rpm and the supernatant is transferred to another eppendorf 

L T fnr h l miX, r e tUbS !' 200 U ' 2 4 M TEACL - S,irred thorou 9 h, y a "d centrifuged at 12000 

rpm for several seconds to pellet the gel, and the supernatant is removed 

I f, * Wit i. 2 °° * 24 M TEACL and ,he mixture * combinid with 300 ul 

ZZZ^T ad,usted t0 1,16 specific 9ravi,y of 15 and * 60 °° 1» 

11) Separated gols (each support) are respectively recovered. 

12) Each gel is suspended in 2.4 M TEACL (100 ul). 

13) The 901 is maintained in as solution at 70 *C for 10 min to allow the hybridized DNA to dissolve in 
the liquid phase, which (sample DNA solution) is then recovered. 

4. Assay of the Recov ered DNA 

The single-stranded DNA recovered from a sample solution containing DNA mixture in 3 above was 
assayed according to the following procedures. 

1) A piece of filter paper (5.5 x 5.5 cm) is moistened in 10 ml 20 x SSPE.solution. The 20 x SSPE 
soluton « prepared by dissolving 174 g NaCI, 31.2 g Nar^PO* 2H 2 0. and 7.4 g EDTA 2Na 2H 2 0 in 800 

2 TnS 9 PH ,0 , 74 " th Na ° H the V ° ,Ume t0 1 liter ' and ste "^ » auto" avl 
fncjhe filter paper prepared ,n 1, above is placed in a 96-well Miniholed Apparatus (Biodot: Bio-Rad 

VrtZiZHr* l° D Z N l ? embrane < PALL ,nc > is moistened in sterilized water, soaked in 20 x SSPE 
and attached to the Miniholed Apparatus (Biodot: Bio-Rad Inc.). 

4) All wells are washed once with 20 x SSPE. 

5) Each sample DNA solution (5 ul each) is added to two wells of the Miniholed 

6) The DNA is adsorbed to a membrane with suction. 

7) The membrane is took off and washed twice with 20 x SSPE. 

8) The membrane is dried at 80* C under vacuum and cut into 2 (2 spots) 

Each of two pieces of membrane is independently subjected to the following treatments 

9) The membrane is soaked into 2 x SSPE. 

10, The membrane is then soaked in 0.5 ml hybridization solution and allowed to stand for 2 hr at 65' C 

The hybridization solution consists of the following ingredients- 



20 x SSPE 


15 ml 


50 x Denhardt's solution 


2 ml 


10% SDS (sodium dodecyl sulfate) 


2.5 ml 


10 ug/ml salmon sperm DNA 


0.5 ml 


sterilized water . 


30 ml 


total 


50 ml. 



11 Lrquid phase is discarded and 12.5 ml of freshly prepared hybridization solution is added To the 
solution is added 50 ul each of «w**ed DNA probes (A) and (B) and reacted overnight at 65 • C 

1 2) The membrane is washed four times with 65 • C 0.2 x SSPE and 0.1 % SDS for 1 5 min 

13) The membrane is placed on a vinylidene chloride film. 

1 4) An X-ray film is inserted between them and is exposed overnight at -80 • C 

1 5) The film is developed to detect positive or negative result 

The assay results for each of two DNA fractions indicate that DNAs each having a complementary base 
sequence for indrvrfual immobilized DNA are recovered. The results are shown in Table 1 below 
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Table 1 





Probe A 


Probe B 


DNA in silica gel fraction 
DNA in CM-5PW fraction 


+ 


+ 


Note: + ; positive; and - ; negative 



10 

5. Preparation of DNA Probe 



DNA probes (A) and (B) were prepared according to the following procedures. 

1) The following DNAs 5 and 6 are synthesized by a DNA Synthesizer (ABI Inc., 391 EP PC R- MATE) 
75 and purified following the instructions provided by ABI Inc. 

5 TGC AGG CAT GCA AGC TTG GCA CTG G 

6 CCA GTG CCA AGC TTG CAT GCC TGC A 

Each base sequence is described, from left to right, from 5* to 3* direction. DNA 5 and 6 were 
labeled to yield DNA probes (A) and (B), respectively. 
20 2) Each of purified DNAs 5 and 6 is dissolved in sterilized water and diluted to 10 pmol/ul with distilled 
water on the basis of the measurement of absorbance at 260 nm in a spectrophotometer. 
3) Each DNA 5 and 6 is labeled with y&P at its S'-terminus in a solution containing the following 
ingredients; 



DNA(10pmol/ml) 


1.0 m 


10 x bacteriophage T4 polynucleotide kinase buffer* 


2.0 ul 


[y- 32 P]ATP (sp. act. 5000 Ci/mmol; 10 mCi/ml aqueous solution) (10 pmol) 


5.0 u 


water 


11.0 ul. 


*: 10 x bacteriophage T4 polynucleotide kinase - 



buffer consists of the following ingredients: 



Tris-HCI (pH 7.6) 


0.5 M 


MgCfe 


0.1 M 


dithiothreitol (DTT) 


50 mM 


spermidine HCI 


1 mM 


EDTA (ph 8.0) 


1 mM. 



4) After the addition of 8 units bacteriophage T4 polynucleotide kinase, the mixture is allowed to stand 
for 45 min at 37 *C. 

5) The mixture is heated at 68* C for 10 min to stop the reaction. 

6) The mixture is combined with 40 ul sterilized water and mix thoroughly. 

7) A 240 ul of 5M sodium acetate is added to it and mixed thoroughly. 

8) To the mixture is added 750 ul ethanol (- 20 • C) and mixed thoroughly. 

9) The mixture is centrifuged at 12000 rpm, 0*C for 20 min. 

10) After the addition of 500 ul 80% ethanol, the mixture is stirred, centrifuged at 12000 rpm. 0*C for 1 
min and the supernatant is discarded. 

11) The precipitate is dissolved well into 100 ul TE buffer (pH 7.6) which consists of 10 mM Tris-HCI (dH 
7.5) and 1 mM EDTA. 

The specific radio activity was 540 Ci/mmol on a liquid scintillation counter. 

These results obtained in Example 1 demonstrate that the present method is effective for the 
preparation of various kinds of single-stranded nucleic acids at a time, indicating that the present invention 
is useful for the preparation of a DNA sequence sample for Sanger's method which requires a sinqle- 
stranded DNA. 

Additionally, a single-stranded DNA library, which had been able to be be prepared only in Ml3"phage 
system prior to the present invention, is now can be prepared easily irrespective of the length of a DNA to 
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be inserted. A single-stranded DNA library can be prepared even from a double-stranded DNA library. 

Furthermore, contrary to the existing cloning method which uses an immobilized probe, the present 
method makes it possible to clone a fragment encompassing the entire region of a desired DNA (nucleic 
acid). Thus, according to the present method, the entire region of a desired fragment can be cloned in high 
yield by recovering each strand of a desired double-stranded DNA by the use of two kinds of separable and 
immobilized DNA probes, and annealing them. 



Example 2 



Nucleic Acid Subtraction 



1 • Preparation of Tresyl-activated Silica Gel 

Tresyl-activated silica gel was prepared in the same manner as noted in Example 1. 
2 - Synthesis of Oligo(dT) and Immobilization to Sup ports 

A single-stranded DNA having the following base sequence was prepared by using a DNA Synthesizer 
(ABI Inc.) in 1 uM scale, and purified to obtain 1.5 mg DNA. 
5' X TTT TTT TTT TTT TTT TTT TTT TTT TTT 3' 
Xr Amino-link 2 (ABI Inc.) 

The resultant DNA (27-mer dT) was purified conventionally by high performance liquid chromatography 
A portion (500 ug) of said DNA was dried under vacuum. A portion (100 ug) of this dried DNA was 
dissolved in 1 M NaCI (100 ul) and 100 ul 0.4 M NaHC0 3 (pH 7.5) was added thereto. To the solution was 
added tresyl-activated silica gel and reacted for 24 hr at room temperature. After the reaction, silica gel was 
washed thrice with 1 M NaCI and suspended in 1 mi 1 M NaCI. After heating for 5 min at 95 *C the mixture 
was promptly centrifuged at 12000 rpm, and the supernatant was discarded to give a 27-mer oligofdT) 
immobilized to silica gel as the residue. 

3. Preparation of mRNA 

1) Liver (2 g) and spleen (2 g) were removed from a 3-week-old BALB/c mouse and each was used 
separately for the preparation of mRNA as follows. 

2) The tissue is homogenized in 70 ml 5.5 M guanidine thiocyanate solution (hereinafter, referred to as 
5.5 M GTC solution) in a polytetrafluoroethylene glass homogenizer. The 5.5 M GTC solution is prepared 
by adjusting a mixture containing 5.5 M GTC, 25 mM sodium citrate (Wako Junyaku) and 0.5% Sarkosyl 
to pH 7.0 with NaOH and filtering. The solution is, just before the use, adjusted to 02 M 2- 
mercaptoethanol. 

3) DNA is mechanically cleaved by pipetting the homogenate with a disposable syringe equipped with a 
#18 needle. 

4) A half volume of CsTFA-0.1 M EDTA solution is placed in an autoclaved centrifuging tube (Polyaromer 
Inc.) and the sample of 3) is layered on it, which was followed by the centrifugation at 23000 rpm, 15° C 
for 24 hr. CsTFA-0.1 M EDTA solution was prepared by mixing CsTFA (Pharmacia Inc.) and 0 25 M 
EDTA (pH 8.0) and adjusting the p to 1.51 with distilled water. 

5) After the removal of protein and DNA layers with a pipet, liquid is discarded to obtain the residue The 
residue is dissolved in 4 ml 4 M GTC solution prepared by diluting 5.5 M GTC with distilled water. 

6) The insoluble materials are removed by centrifuging at 10000 rpm for 10 min. 

7) To the supernatant is added 100 ul 1 M acetic acid and 3 ml ethanol and the mixture is allowed to 
stand for 5 hr at -20 • C. 

8) The mixture is centrifuged at 10000 rpm for 20 min. 

9) The residue is dissolved in 3 ml TE and centrifuged at 10000 rpm for 10 min and the supernatant is 
recovered. The TE buffer consists of the following ingredients: 



Tris-HCI (pH 7.5) 


10 mM 


EDTA 


1 mM. 
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10) After the addition of 0.3 ml 2 M NaCI and 6 ml ethanol, the mixture is allowed to stand for 3 hr at -20 

•c. 

1 1) The mixture is centrifuged at 10,000 rpm for 10 min to recover the precipitates. 

12) The precipitates are dissolved in a buffer A consisting of 10 mM Tris-HCI (pH 7.5), 0.5 M NaCI, 1 
5 mM EDTA and 0.1 % SDS to the concentration of 0.5 rng/ml. 

13) The solution of 12) is mixed with an equal amount of 1 M NaCI. 

14) The mixture is treated at 65° C for 5 min and cooled quickly. 

15) The insoluble materials are removed by centrifuging at 12,000 rpm for 5 min. 

16) A column packed with 0.5 g Type 7 oligo(dT) cellulose (Pharmacia Inc.) previously swollen with 
w distilled water is washed with 5 ml 0.1 M NaOH and then equilibrated with buffer A. This is followed by 

the equilibration with 10 ml 0.5 M NaCI. 

17) The supernatant of 15) is passed through the column of 16). 

18) The eluate is again passed through the same column. 

19) The column is developed with 10 ml buffer A. Fractions (500 ul each) are collected, and each 
rs fraction is assayed by the measurement of A 260, and positive peaks are recovered (fractions 4 - 7). 

20) After the addition of 250 ml 3 M sodium acetate, pH 5.1 (Wako Junyaku Inc.) and 6 ml ethanol, the 
mixture is stirred thoroughly and kept at - 20 * C for precipitation. 

According to the above-mentioned procedures, desired mRNAs from kidney and spleen of 3-week-old 
BALB/c mouse are prepared, respectively. 

20 

4. Synthesis of Immobilized cDNA and Nucleic Acid Substraction wit h It 

A cDNA immobilized on a support was synthesized by using mRNA isolated from a liver of 3-week-old, 
BALB/c mouse as a template. A mRNA-containing nucleic acid solution prepared from spleen of a 3-week- 
25 old BALB/c mouse was contacted with the immobilized cDNA for the hybridization and analyzed for a 
mRNA(s) remaining in the solution. 

1) A 5 ug mRNA extracted from liver of a 3-week-old BALB/c mouse was dissolved in 10 ul HfeO. 

2) To the solution is added 1 ul 100 mM CHaHgOH and the mixture is allowed to stand for 10 min. 

3) After the addition of 2 ul 700 mM 2-mercaptoethanol (20-fold dilution of a raw material), the mixture is 
30 stirred thoroughly to inactivate CH 3 HgOH. 

4) It is followed by an immediate addition of 60 units (6 ul) RNase Inhibitor (TAKARA Shuzo Inc.) and the 
mixture is stirred and allowed to stand for 5 min. 

5) To the mixture is added 10 mg of 27-mer oligo(dT)-immobilized gel prepared in 2. above. 

6) A mixture consisting of the following ingredients are reacted at 45* C for 2 hr: 

35 



soluble component (liquid phase) of mixture of 5) above 


12 ul 


first-strand-synthetic solution 


* 10 Ul 


80 mM Na-pyrophosphate 


2.5 ul 


dNTPs mixture 


5ul 


H 2 0 


14.5 Ul 


reverse transcriptase (Seikagaku Kogyo Inc.) 


1000 units. 



The first-strand-synthetic solution consists of the following ingredients: 

45 



Tris-HCI (pH 8.3) 


250 mM 


MgCI 2 


50 mM 


KCI 


250 mM. 



50 

7) To the reaction solution of 6) above is added 2 units RNase H (Behringer Manheim, Yamanouchi Inc.) 
and reacted at 12 • C for 60 min, and at 22 * C for 60 min. 

8) The enzyme is inactivated at 70 * C for 10 min. 

9) The mixture is centrifuged at 12000 for 1 min to remove the supernatant. 

55 10) The precipitate is washed with 500 ul TE and centrifuged at 120000 rpm for 1 min to remove the 
supernatant. 

11) The precipitatse are suspended in 500 ul TE. 

12) To the mixture is added 100 ul 2 mg/ml (dA) 30 (a 30-mer of adenine). 
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13) After the addition of 100 ul 5 M NaCI, the mixture is stirred and.allowed to stand for 15 min at 37- C. 

14) The supernatant is removed after the centrifugation at 12000 rpm for 1 min. 

15) The precipitates are combined with mRNA solution which is prepared by dissolving 5 ug mRNAs 
originated from spleen in 100 ul buffer A, heating at 70 • C and cooling. 

16) To the mixture is added 10 ul 5 M NaCI. 

17) The volume is adjusted to 500 ul with water. 

18) The reaction is carried out at 55 • C for 10 min with stirring. 

19) The mixture is centrifuged at 12000 rpm for 10 min. 

20) The supernatant is recovered. 

21) After the addition of 1.5 ml ethanol, the mixture is allowed to stand for 5 hr at - 20* C. 

22) The mixture is centrifuged at 12000 rpm for 10 min, cooled at 4* C and the supernatant is discarded 

23) The precipitate is dissolved in 5 ul TE. 

24) When a mixture of 1 ul of the solution of 23) and 20 ul 1 ug/ml ethidium bromide was irradiated with 
UV light, an orange color was developed. 

This result demonstrates that a RNA(s) exists in the solution obtained in 23), which indicates that spleen 
contains a mRNA(s) which does not hybridize to cDNAs prepared from mRNAs originated from liver. 

The result obtained in Example 2 shows that the nucleic subtraction method of the invention makes it 
possible to recover a specific nucleic acid which does not exists commonly in two unknown nucleic acid 
mixtures. For instance, when nucleic acids derived from a normal cell are immobilized and used to treat a 
nucleic acid mixture obtained from a target cell concerning a certain disease (e.g.. cancer cell) according to 
the method of the present invention, the recovered nucleic acid can be assigned to be a gene specific for 
said disease. 

Thus, the subtraction of the present invention can be a useful measure not only for the elucidation of a 
gene(s) specific for a disease, but also for the efficient isolation of various genes like those responsible to 
aging and specific to organs by selecting an appropriate combinations of nucleic acid solutions therefor. 

Claims 

1- A method for isolating or extracting a desired nucleic acid from a nucleic acid sample which comprises: 

1) immobilizing a single-stranded nucleic acid at a terminus to an insoluble support; 

2) contacting said immobilized single-stranded nucleic acid with said nucleic acid sample under a 
condition for nucleic acid hybridization; and 

3) separating a nucleic acid hybridized to the single-stranded nucleic acid immobilized to the 
support from the sample. 

2. The method as claimed in Claim 1, wherein the immobilized single-stranded DNA is obtained by 
immobilizing two or more kinds of single-stranded nucleic acids each having a different base sequence 
to plural and separable supports, respectively, and the resultant immobilized single-stranded DNAs are 
contacted with a nucleic acid sample and two or more nucleic acids each hybridizing to each of the 
immobilized single-stranded nucleic acids are isolated from the nucleic acid sample all at once. 

3. The method as claimed in Claim 1, wherein nucleic acids hybridizing to the immobilized single- 
stranded nucleic acids are removed and a nucleic acid rem'aining in the solution is recovered. 

4. The method as claimed in Claim i, wherein the single-stranded nucleic acid to be immobilized to a 
support is a synthetic DNA. 

5. The method as claimed in Claim 1, wherein the immobilized single-stranded nucleic acid is prepared 
by immobilizing a double-stranded DNA consisting of a single-stranded DNA modified at a terminus 
and a complementary strand therefor to a support via said modified terminus and removing the 
complementary strand. 

6. The method as claimed in Claim 1, wherein the immobilized single-stranded nucleic acid is an 
immobilized cDNA which is prepared by the following steps: 

1) immobilizing an oligomer of deoxythymine to a support; 

2) hybridizing a mRNA to said immobilized oligomer deoxythymine; 

3) synthesizing a cDNA by using said mRNA as a template and said oligomer deoxythymidine as a 
primer with a reverse transcriptase; and 
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4) removing said mRNA. 



The method as claimed in Claim 1, wherein the nucleic acid solution is a solution which contains at 
least one kind of nucleic acid selected from the group consisting of mRNA and cDNA. 
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